A proposed, high charge, fixed target experiment (E-158) is planned to run with the highest possible energies available at the Stanford Linear Accelerator Center (SLAC), at 45 and 48 Gev. The charge is up to 6 ' 10'l particles in a 370 ns long beam pulse. The SLAC Energy Development (SLED) rf system generates an increasing no-load beam energy, with a linearly decreasing slope. We show how to obtain a current variation that tracks the no-load voltage, resulting in zero energy spread. We discuss the results of a lower energy experiment that verifies the predicted charge and current at the energies required for E-158.
INTRODUCTION
In steady state the no-load and current induced voltages are constant, hence their difference, the loaded voltage, is also, constant. With SLED, the no-load or rf-generator voltage, Vg(t) and the current induced voltage Vb(t), vary with time and do not reach steady state.
Let ti be the time when the beam starts, t, when the beam ends, the no-load voltage at ti, and Vgb the noload voltage during the beam pulse minus V,. Thus, = vg(ti), Vgb(t -ti) = Vg(t -ti) -K .
Reset the starting time to zero by replacing t -ti by t . To minimize energy spread, &,(t), should track Vgb(t) as closely as posible. To accomplish this we can vary the rf into the accelerator section, or the current or both. Let the no-load voltage at the end of the beam pulse minus the no-load voltage at the beginning of the beam pulse be Define the optimum current, Io, as the current that at the end of a beam pulse of duration Tb, induces a volt- will be, in general, an unacceptable energy spread. We will show that for any variation of V,a(t), we can vary the current so that &,(t) tracks Vgb(t) exactly. The shape of Vg(t) is determined by the SLED cavities. Let S, ( t ) be the SLED gain as a function of time, let Sgm be its maximum value and let Vgm be the maximum SLEDed voltage. Then, the SLEDed voltage as a function of time V&) = Sg(t)Vgs = -vgm s, ( t ) .
S m
The SLEDed voltage used in this note is based on an experimentally obtained curve.
OPTIMUM AND ZERO ENERGY SPREAD CURRENTS
For a step function current, ib, passing through an accelerator of length Lb = NbsL,, the current induced voltage as a function of time t starting at beam injection, is %(t) = ibRb(t), Rb(t) = r/b(t)STf Lb/4 * For the constant gradient SLAC sections, using t, = t / T f ,
The difference We, now, calculate the current variation that yields a specified self induced beam voltage, in this case, vgb(t).
Let n = 1 , 2 , 3 . . . Ni, where Ni is the number of injected currents. The interval between current injections is At = Tb/(Ni -1 ) . Let the time when the nth current is injected t, = (n -1 ) x At. The beam induced voltage at time tn+l is the voltage due to the current injected at time t , plus the voltage due to the n -1 previously injected currents. Using Vb(tn) = Vgb(tn) we obtain the injected currents at each point n:
We can increase the number of injected currents and, consequenly, decrease At and obtain a continuous total current waveform where, during the beam pulse, Vb(t) tracks vgb(t) exactly, resulting in zero energy spread. The zero energy spread average current is about the same as the optimum current. The injected currents are either positive or negative, the the total current is positive as long as Vgb does not decrease precipitously.
PREDICTED BEAM CURRENTS AND BEAM ENERGIES
The no-load voltage, Vg(t), is plotted in Fig. 1 , as a function of time. We used the previously measured beam energy of the SLEDed linac of 53.7 GeV. Also plotted are'the current induced and loaded voltages and the energy spread for a 300 ns optimum current pulse starting when the noload voltage is 46 GV and ending 50 ns before the maximum no-load voltage is reached. The charge is 6.0 . lo1' particles per pulse about the charge required for E-158. The zero energy spread current for a beam pulse starting the same time as the optimum current pulse but ending 50 ns after the maximun no-load has been reached and its self induced voltage (dot-dash) are also plotted in Fig. 1 . Note that it tracks the no-load voltage. This increases the charge to 6.8 . 10'l particles per pulse. During the first part of the zero energy spread beam pulse, the current is linearly decreasing, because the slope of the no-load beam energy is linearly decreasing. This, in turn, is because the SLED output that provides the accelerator rf input is, also, nearly linearly decreasing. Here, f p r is the pulse repetition frequency. The loaded beam energy and the number of electrons per pulse are plotted in Fig. 2 (top) as a function of beam pulse width. The beam average power at f p r = 120H2, and pulse power are also plotted in Fig. 2 (bottom) . Their maximum values of 1.6 M W and 22 GW, respectively, are reached at a beam pulse width of about 600 ns.
EXPERIMENTAL DATA FOR E-158
Two test experiments for E-158 were performed. One, with 1 sector rf and 1 sector beam had a measured energy of 1.2 GeV and with a sloped beam pulse of 350 ns had a The ratio of the two charges was 1.56 as predicted by eq. 1. An energy spread of about 0.25% was achieved. A small low energy tail could be reduced by a fast phase adjustment of the S-band buncher and capture klystron, but was barely necessary.
Transverse Jitter
The interesting observation was in the transverse plane. The beam position monitors, which integrate over the pulse, should indicate a beam offset by a rising or falling linear slope. A curved slope was observed with an increased jitter at the end of the pulse (see Fig. 3 ). The curved slope can be explained by a tilted beam pulse and the jitter by the transverse wake fields or dispersion. This tail jitter is correlated with the charge intensity and was up to 2 mm for a 10% charge change at the end of the linac. This could be reduced by a factor of five with one corrector making a betatron oscillation to minimize the rms jitter down to about 10% of the beam size. 
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